To be publishedin the Journal of Synchrotron Radiation, Pro-
ceedingof XAFS XI, Ako, Japan,July 2000.

Lattice disorder in strongly correlated
lanthanide and actinide intermetallics

C. H. Booth,** E. D. Bauer,” M. B. Maple,® J.
M. Lawrence,® G. H. Kwei and J. L. Sarrao®

2Chemical Sciences Division, The Glenn T. Seaborg Center,
Lawrence Berkeley National Laboratory, Berkeley, California
94720, USA, bDepartment of Physics and the Institute for
Pure and Applied Physics, University of California, San
Diego, California 92093, USA, °Physics Department,
University of California, Irvine, California 92697, USA,
dLawrence Livermore National Laboratory, Livermore,
California 94550, USA, and ¢Los Alamos National
Laboratory, Los Alamos, New Mexico 87545, USA. E-mail:
chbooth@Ibl.gov

(Received 0 XXXXXXX 0000; accepted 0 XXXXXXX 0000)

Lanthanideand actinide intermetallic compoundsdisplay a wide
rangeof correlated-electrobehaior, including ferromagnetism,
antiferromagnetismnponmagnetiqKondo) ground states,and so-
called“non-Fermiliquid” (NFL) behaior. Theinteractionbetween
f electronsandthe conductionbandis a dominantfactorin deter
miningthegroundstateof agivensystemHowever, latticedisorder
cancreatea distribution of interactionsgeneratingunusualphysi-
cal propertiesThesepropertieanayincludeNFL behaior in mary
materials.In addition, lattice disordercan causedeviations from
standardKondobehaior thatis lessseverethanNFL behaior. We
will review the lattice disordermechanisnwithin a tight-binding
modeland presentmeasurementsf the YoBCw and UPdCus_y
systemsdemonstratinghe applicability of the model. Thesemea-
surementindicatethatwhile the YbBCu, systemappearso bewell
orderedbothsiteinterchangendcontinuousbond-lengthdisorder
occurin the UPdCus_x series.Neverthelessthe measuredond-
lengthdisorderin UPdCu doesnot appeato be enoughto explain
the NFL propertiessimply with this Kondodisordermodel.

Keywords: disordered materials; non-Fermi liquids;
Kondo effect.

1. Introduction

Marny heary-fermion f-electroncompoundsxhibit magneticand
electronicpropertieswhich do not behae as expectedfrom the
Landau Fermi-liquid theory thoughtto be applicableto heary-
fermion systemsWhen theseanomaliesinclude a certainsubset
of behaior, the materialsaresaidto be non-Fermiliquids (NFL)
(for areview, seeColemanet al., 1996). Thesebehaiors include
logarithmic or weak power law dependencesf the Sommerfeld
specificheatcoeficienty(T) = C(T)/T andthemagneticsuscep-
tibility x(T), anda deviation from T2 of the temperaturedepen-
denceof the electricalresistvity asT — 0 K (typically linear).
Most but not all NFL materialsare known to be crystallograph-
ically or chemicallydisordered but theoreticaltreatmentsdiffer
on whetherthis disorderis importantto the NFL behaior (Mil-
lis, 1993,Bernalet al., 1995).

Onefocus of researcthasbeento find NFL behaior in well-
orderedmaterials.However, suchmaterialsare by definition sto-
ichiometric, and thereforethe single-impurity Andersonmodel
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(SIAM) shouldno longerapply at somelevel. Unfortunately the
periodic Andersonmodel (PAM) that shouldapply to f-ions on
a periodic, well-orderedlattice, has not been solved, although
progresss beingmade(TahvildarZadehet al., 1997).In ary case,
thesearcHor well-ordered\FL materialamustnecessarilynclude
attemptgo isolatecoherenceffectsaswould be describedby the
PAM from thoseeffectsthatwill requireatruly nen descriptionof
thegroundstate suchasquantumcritical behaior (Millis, 1993).

Lattice disorderplaysa pivotal role both in attemptsto under
stand coherenceeffects in Andersonlattice systemsand in the
searcHor NFL mechanismandmaterialsin Andersorlatticesys-
tems, lattice disorderis a potentialmaskof real coherenceffects
becausét cancreatea distribution of behaior in a materialthat
may be difficult to assignto the lattice disorder In NFL studies,
disordercan causeNFL behaior (Bernalet al., 1995, Miranda
al., 1997)andthereforecanalsobe viewed asa maskto discor-
ering well-orderedNFL materials.Moreover, the role of disorder
in generatingNFL behaior is still anopenquestionKondodisor
der models,wherebya distribution of Kondotemperature¢Tk’s)
extendsto sufficiently low temperatureshave beenshavn to be
capableof generatingNFL behaior without including ary es-
sentially nenv physicalmechanismsRecently Castro-Netoet al.
(1998) have proposedhatthe presencef suficient disorder(lat-
tice or otherwise)candrive a systeminto a Griffiths’ phasecreat-
ing adistribution of quantuncritical points.A Griffiths’ phasehas
thepotentialof generatingnoreuniversalbehaior thantheKondo
disordemodel,andsomaybeabettercandidatdor NFL behaior
in materialghatareknown to possessomelattice disorder

Searchingdor lattice disordercanbe a muchmorecomplicated
and self-deceting taskthanmary researchersutsideof crystal-
lographyrealize.A commonprocedurdn characterizingary ma-
terial is to performa powder diffraction measuremerandto per
form a Rietwveld refinemenbf a proposectrystalstructureat room
temperaturelf ary lattice disorderis indicatedby enhancedlis-
placemenparametergthe u?’s), it is oftenignoredin this proce-
durebecausenly atemperaturalependentmeasuremeris capa-
ble of discerningbetweena large u? thatis causedby significant
weightin the phononspectrumat low frequencieqi.e. alow De-
bye temperaturdor a given site) and onethatis causedy static
(i.e. non-phononylisorderdueto, for instancepff-centerdisplace-
mentsor site-interchangdetweentwo atomic specieswithin a
given compound.Even if temperaturedependentliffraction data
arecollected,it canbedifficult to identify the sourceof disorderif
it is particularly pathological,asin a casewheresite-interchange
occurshutinsufiicient contrasexistsbetweerthescatteringactors
for the two speciesof atoms(for example,seeChauet al., 1998,
for thecaseof UPdCu).

X-ray-absorptiorspectroscopcanbeanexcellenttool for iden-
tifying certainkinds of disorderwhen usedin conjunctionwith
diffraction results.Perhapghe mostuniquefeatureis the ability
to uniquely probethe local atomic arrangementirounda given
speciesof atomwith the x-ray-absorptiorfine-structure(XAFS)
technique With this measurementnecandistinguishbetweena
givenatomicspecieghatis sitting on two distinctsitesin a struc-
ture aslong asthosetwo siteshave significantdifferencesn their
local atomicarrangement.

Theremaindeof this papetbeginswith adiscussiorof how dis-
ordercanaffect magneticsusceptibility ExperimentalXAFS data
will be presentedor two systemsthe Andersonlattice YoBCus
systemandthe NFL UPd.Cus_x system.The possibility of B/Cu
site interchangewill be explored,andtemperaturelependendis-
placemenparameterwill becarefullyconsideredo searcHor ary
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2 DISORDER IN LANTHANIDE AND ACTINIDE INTERMETALLICS

lattice disorder Mary of the detailsof the experimentalanalysis
andresultsaredescribectlsavhere(Boothet al., 1998,Lawrence
et al., 2001,Baueret al., 2001).

2. Lattice disorder in the single impurity model

A hallmarkof the SIAM is the pronouncednaximumin the mag-
neticsusceptibilitythatoccursfor J > 1/2 asthe Kondosingletis
formedat low temperaturesAs onedecreasegemperature$rom
well above Tk, x(T) increasedollowing a typical Curie-W\eiss
form. Thisincreaseslows down nearTk andatapproximatelyone-
third of Tk, x(T) beginsto decreasegoing to a constantat zero
temperaturghatis inverselyproportionalto Tx. The relative size
of themaximumin x(T) to the zero-temperatureonstanty (0) is
only afunctionof thetotalangulamoment] onthe f ion, with the
maximumy(T) decreasingvith decreasing (Rajan,1983).
Anotherway to decreas¢he relative sizeof the maximumis to
includelattice disorder Suchdisorderwill producea distribution
P(Tk) of KondotemperaturesThe susceptibilitycanbe calculated
with P(Tk) anda Bethe-ansatzalculationof the susceptibilityof
asingleKondoimpurity, x(T, Tk) (Rajan,1983):

x(T) = /X(T, Tk)P(Tk) dTk. @)

P(Tk) is calculatedby startingwith the expessiorfor Tk:
TK = EF eil/(pj), (2)

whereEr is theFermienepy, p is thedensityof statesatthe Fermi
leveland.7 is theconduction-electron/local-momeatchangeen-
emgy. The couplingenegy Vi is relatedto the exchangeenegy in
Kondotheorysimply by J = ViZ/er, wherees is the f-level en-
emgy. At this stage we have describedhe generickondodisorder
modelputforth by Bernalet al. (1995).We now choosdatticedis-
orderasthe microscopicorigin of the Kondodisorder In orderto
includethe lattice,weusea tight-bindingapproximationto obtain
the contritution to the couplingenegy of eachpair of atomsA (f
ion) andB (assumingl electronsn the conductionband):

nra P ("/Sxf"gd)l/z 3
R 3
‘A—B

VAB =

wherery, is the radius of the electronicshell with angularmo-
mentum{ for atom X (tabulated by Straub& Harrison, 1985),
andR is the bondlength betweenthe atomswith £ = f andd.
The coeficient ntq dependsonly on the £'s and the bond sym-
metry (seeAppendixB in Harrison& Straub,1987).We will as-
sumeall bondsares-bonds.Thetotal hybridizationenegy is then
Vit = Y, ABpairsVAvB' Within thistight-bindingapproachealculated
enepiesareoftentoo high comparedo experimentby a factorof
two (Harrison& Straub,1987). However, we are only interested
in relative trendshecauseve chooseotherparameterg¢suchasEg
andp) to accounfor this absoluteerror.

With this modelasaframework, the connectiorbetweemeigh-
boring speciesis madethroughrg , andthroughthe actualbond
lengthwith Ra_g. Therefore,bond-lengthdisorderwill createa
distribution of Vag's by replacingRa_g with adistribution of bond
lengths,andsite interchangewill createa distribution of Vag’s by
varyingtherg’'s. An importantdifferencebetweerthesetwo types
of disorderis that bond-lengthdisorderis definedto be continu-
ousin this model (we will usea Gaussiardistribution) and site-
interchangeis definedto be discrete:if one considersonly the

nearesneighborsin a calculation,thereare only a finite number
of possiblecombination®f thevariousVag terms.

Beforewe candemonstratehis model, we needto pick a sys-
tem for which we can perform the sum over Vag. Considerthe
caseof the C15b structurethat is formedby somecompoundsof
the form ABCw. All atomssit on the cubic 43m fcc lattice, with
A atomssitting on the 4a site at (0,0,0),B atomson the 4c sitesat
(0.25,0.25,0.25andCuatomson 16e sitesformingacornershared
tetrahedralnetwork centeredat (0.75,0.75,0.75)Band structure
calculationson the C15b material YbAgCuw, indicatethatthe Cu
andAg d electrongmake the main contribtutionsto the conduction
band(Monachesiand Continenza;1996). Therefore,in the calcu-
lationsthatfollow, we will sumoverthe12 A-Cunearesheighbors
at~2.93A andoverthe4 A-B next nearesheighborsat ~ 3.06
A, asshavn in Fig. 1(a). We alsoassumehat Er and p arefixed
within a givencompoundanddo not have their own distributions.

Figure 1

The local structurein the C15b crystal structure.Panel (a) shavs the
local structurearoundthe f-ion (atomA), but alsorepresentshe ervi-
ronmentaroundatomB by switchingall A and B atomsin the panel.
Panel(b) shavs thelocal structurearoundthe Cu atoms.Bond lengths
arefor YbAgCuy.

Figure 2 shawvs how the addition of (continuous)bond-length
disordercan affect the susceptibilitywithin this Kondo disorder
model. The effect on the actualwidth of the distribution is pro-
nouncedwith only ~0.01A of extra bond-lengthdisordernec-
essaryto producea width of the P(Tk) of ~40%. Surprisingly
this apparentlylarge width of P(Tk) haslittle effect on the cal-
culatedy(T). In fact, latticedisordercontinueso have little effect
on x(T) until onereaches Debye-Wllerwidth of abouts ~0.04
A. At this point, a significantamountof weightin P(Tk) exists at
lowertemperaturesA previousstudyof the Kondodisordemmodel
(Bernalet al., 1995)hasshavn thatif enoughweight exists near
0K, logarithmicdivergencesn themagneticsusceptibilityandthe
heatcapacityaregeneratedVoreover, it hasalsobeenshavn (Mi-
randaet al., 1997)thata lineartemperaturelependencéo there-
sistivity is also generatedvhen enoughlow-Tk weight exists in
P(Tk). Therefore oneshouldappreciaténow little intrinsic bond-
lengthdisorderis necessaryo producesuchasituation.Although
sucha distortionwould be difficult to attainby applyingexternal
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pressureit is quite commonto seechangesn local bondlengths
of this magnitudewith chemicaldoping.

Anothermechanisnfior creatingadistribution of Kondotemper
aturesis site interchangewherebytwo atomicspecieghat nomi-
nally sit on distinct siteshave a propensityto exchangesites.The
ideaspresentedhereare easily appliedto off-stoichiometricsam-
pleswhere for instancejn UPtsCuws s onecanexpectto find cop-
peratomson 4c sites,evenin the nominalstructure . The casewe
considemow is whenin ABCw, somepercentag®f the B atoms
interchangesiteswith copperatoms.In this case,a distribution
of possiblelocal environmentsaroundthe f-ion sitesis created.
Considerthe nominally orderedcaseshavn in Fig. 1(a)with A as
uraniumand B asPd, asin UPdCu. If each4c site hasa 25%
probability of being Cu ratherthan Pd, then each16e site as a
25/4=6.25%chanceof beingPdratherthanCu (four timesasmary
16e sites).With theseprobabilities,a binomial distribution of pos-
sibleervironmentscanbe calculatedUsing valuesof Er andp/er
from Boothet al. (1998),we cancalculatea discrete distribution of
Kondotemperaturesassshavn in Fig. 3. As shouldbeimmediately
appreciatecthereis roughly equalweightfor Kondotemperatures
rangingfrom ~100K to 250K with this degreeof siteinterchange.

0.03 ——————F———————

no disorder

0.02 6=0.005 A

P(T) (K"

x(7) (emu/mol)

0 100 200 300 400 500
T (K)

Figure 2

(a) Thecalculatedistribution of Kondotemperatureassuming Gaus-
sian distribution of nearneighborbond lengthsin the C15b crystal
structureof YbAgCu. Otherinput parametersuchasatomicspecies,
Er, andp/e; werechosento give Tk=150K. (b) The calculatedx(T)
usingthedistributionsin panel(a).

A materialthatsiteinterchangesanbethoughtof asa material
thatis chemically“self-doped”in thations with differentatomic
radii now sit on nominally the samesites. Suchsite interchange
canalsocreatea distribution of bondlengths,asdiscussedbove.
Forinstancetheatomicradiusof Cuis ~1.57A, while Pd's atomic
radiusis ~1.79A. Therefore Jocal distortionsof 0.2 A may ex-
istin thelocal environmentaroundU atoms.Consequentlyif site
interchangeexists, somelevel of bond-lengthdisorderlikely also
exists.We have calculatedheeffect of bond-lengthdisorderonthe
distribution of T«’s anddisplaytheresultsin Fig. 3(b). The calcu-
lationsshaw thatthe discretenatureof the underlyingdistribution

is quickly washedut by abond-lengttdisorderof only about0.01
A. Thisresultattestso the overwhelmingsensitvity of this model
to bond-lengthdisorder Again, significantweightis not generated
in thelow Tk region until about0.04A of disorderis included.
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(a) The discretedistribution of T«'s basedon 25% Pd/Cusite inter
changan UPdCu,. (b) The samedistribution asin panel(a) convolved
with theindicatedamountof bond-lengthdisorder

To summarizethe resultsof this section,both continuousand
discretedistributionsof Kondotemperaturesanbegenerateavith
various types of disorder Truly discretedistributions seemun-
likely, sinceeven whenthe conditionsnecessaryo createa dis-
cretedistribution exist, namelysomekind of chemicalsubstitution
occursthesesubstitutionvill alsogeneratsomebond-lengtidis-
order which will quickly overwhelmthe discretecharactenof ary
P(Tk). However, the width of a distribution createdby chemical
substitutioncanreadily be quite large, thusenhancinghe overall
width whenbond-lengthdisorderis included.

3. Experimental examples

3.1. Experimental details

XAFS experimentswere performedat the B edgesfor B=TI,
In, Cd andAg in samplesof YbBCw, andatthe U Ly, PdK and
CuK edgedor membersf the UPdCus_x series Datawerecol-
lectedon BL 4-3atthe StanfordSynchrotrorRadiationLaboratory
(SSRL)usinga half-tunedSi(220)doublecrystalmonochromator
Samplesvereground,typically passedhrougha 30 ym sieve and
brushedonto scotchtapeto obtaina uniform thickness.Strips of
tapewerestacledto obtainanabsorptiorjump atthevariousedges
of lessthanunity. The YbBCw, samplesarethe sameflux-grown
crystalsdescribedn Sarraoet al. (1999). Samplepreparationof
the UPd.Cus_x sampless consistentith thatdescribedn Chau
et al. (1998),and will be describedelsevhere (Lawrenceet al.,
2001).Sampleswith 1.0 < x < 1.5 shav NFL behaior bothin
resistvity andmagneticsusceptibilitymeasurements.
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3.2. Kondo coherence and YbBCu,

In a recentpaper the propertiesof mary membersof the
YbBCuw; serieswerecomparedSarraoet al., 1999). Kondotem-
peraturesangefrom ~60K for YbZnCu to ~750K for YbTICus.
Althoughmary propertief thesematerialscanbe explainedwith
the SIAM, xmax/x(0) wassignificantlylessthanpredictedby the
SIAM for YbZnCuw, YbCdCuw andYbMgCus. Thepossibilitythat
crystalfieldswereresponsibldor this disagreemerttasbeenruled
outby recentinelasticneutronscatteringneasuremenid.awrence
et al., 2001).As is clearfrom Fig. 2, the reductionin xmax/x(0)
could very easily be dueto lattice disorder If this final possibil-
ity is ruled out, then coherenceeffects can be seriouslytaken as
a possibleexplanation,openingthe door for comparisongo PAM
theories.

5

58

FT of Kx(K)

r(A)
Figure 4
The Fourier transform (FT) of k3x(k) for (a) YbAgCw and (b)
YbCdCu. Theouterenveloperepresents: theamplitudeandtheoscil-
latory line within theernvelopeis thereal partof thecomplex transform.
Thesetransformsarefrom 2.5-15A—1 and Gaussiamarraved by 0.3
A-1. Fitsarefrom 2.0to 3.2A.

SincetheYb Ly andCuK edgesearlyoverlap,we restrictthis
studyto the XAFS from the B atoms.We searchedor two kinds
of disorder:B/Cu siteinterchangeasindicatedby the presencef
ashortB-Cu bond(seeFig. 1(b)), andary otherdisorderby mea-
suringthe temperaturelependencef the B-Cu andB-Yb Debye-
Waller factorsandcomparingthe measurement® the correlated-
Debyemodel(Crozieret al., 1988).

The XAFS techniques very well suitedfor searchingor B/Cu
siteinterchangén thesecompound$ecaus¢he nominallocal en-
vironmentaroundthe B (4c) sitesis very differentthanaroundthe
Cu (16e sites).As shavn in Fig. 1, the nearest-neighboraround
the 4c (B) sitesare12 copperatomsat ~2.9 A, followed by 4Yb
atomsat ~ 3.06 A. This environmentdiffers from the 16e sites,
whichhave 6 coppemeighbor$t~2.5,5\. Ourtaskis thereforere-
ducedto looking for a peakin the XAFS spectrumcorresponding
to aB-Cuneighborat~2.5A, whichis ~0.4A shorterthanin the
nominalstructure.
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Figure 5

Themeasureukuariance(oz) of thebond-lengtrq’istrimtionfor theB-Cu
pairsat~2.93A andtheB-Yb pairsat~3.06A for B=Tl, In, Cdand
Ag. Thefits areto a correlated-Debyenodel,asdescribedn thetext.

Details of the datareductionmethodscan be found elsevhere
(Lawrenceet al., 2001). The dataare presentecndfit in r-space.
Figure4 shaws datafor YbCdCuw andYbAgCus, usingonly scat-
tering pathscorrespondingo the nominal structure,that is, site
interchangewas not included.The fit quality is very high. When
someB/Cu site interchangeds includedin the fit, the fit quality
doesnotimprove significantly andwe placeanupperlimit of 5%
of the B atomspossiblysitting on 16e sites.

With siteinterchangeemoved asa potentialsourceof disorder
we choosehenominalcrystalstructurefor our fitting model.Data
werecollectedat varioustemperaturebetween20 K and 300 K.
Thevarianceof theB-CuandtheB-Yb bond-lengttdistributionare
shavn in Fig. 5. Thevarianceresultswerethenfit to thefollowing
equation:

Ufzit(T) = o%at F(T,©cp) 4)

whereoZ, is a temperaturéndependenbffset dueto positional
disorderand F(T, ©cp) is given by the correlated-Debyenodel,
with ©¢p asthe correlated-Deby¢emperatureThe fits shovn in
Fig. 5 usea©p ~ 250K for all pairs,anda maximumlevel of
o 0f < 0.001A? wasobtained The estimatecerroron this mea-
suremendf o is rougthO.OOOS&Z, soall of thesemeasurements
aregenerallyconsistentvith no lattice disorder

3.3. Disorder models and NFL behavior in UPdxCus_x

Our previous study (Booth et al., 1998)of UPdCu found that
~25% of Pdatomssit on nominally Cu sites.As shawvn in Figs.2
and 3, this level of siteinterchangewill have alarge effect on the
measureanagneticsusceptibility Therefore the disordermustbe
accountedor in ary theoryof the magneticsusceptibilityin these
materials By including ~ 0.05A of additionalbond-lengthdis-
order the magneticsusceptibilitycould be reasonablyeproduced
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by themodelin Sec.2. Theadditionof this extradisordemwasnec-
essaryto obtainenoughweightin the P(Tk) distribution near0 K
to generatehe NFL behaior. However, it is alsopossibleto create
a collection of 0 K quantumcritical points with sufficient disor
der Suchaphaseis calleda Griffiths’ phase Within the Griffiths’
phasemodel,arangein phasespacss createdhatmightbecalled
a‘“critical line” at0 K. In UPdCus_y this line would extendfrom
X =1.0to above 1.5. At the presentime, it is difficult to directly
comparethe Kondodisorderand Griffiths’ phasemodelsbecause
thereis no Griffiths’ phasecalculationstartingfrom a measured
amountof latticedisorderandarriving ata magneticsusceptibility
In ary casewe expectthatlessdisorderis necessann a Griffiths’
phasemodelthanin a Kondodisordermodel. It is thereforevery

importantto testwhetherthe assumeddditionof ~ 0.05A of
bond-lengthdisordercanbe verified by experiment.
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Figure 6

Thebond-lengthdistribution variancefor the U-Cu pairsat~2.93A as
afunctionof xin UPdCus_y. The“cold” resultsarefor thelowesttem-
peraturecollectedfor thatvalueof x, betweem-20K. o2_. wasdeter
minedby fits of thetemperatureéependendatato the correlated-Debye
model,asdescribedn thetext. The hashedreashaws theapproximate
amountof disordernecessaryor lattice disorderto fully explain NFL
behaior in thex=1.0and 1.5 compound$asedon the Kondodisorder
model.

Sucha verification requiresa study of mary membersof the
UPdCus_x seriesin orderto betterdeterminecertainfactorssuch
asthe site interchangeand amplitudereductionfactors('s). We
have performedXAFS measurementsf sampleswith variousx’s,
andhave successfullysolatedthe Debye-\Wller factorsfor the U-
Cunearest-neighbgreaks Thesefits arecomple becaus¢hesite
interchangamustbe knovn (asmeasuredrom the Pd edgedata)
andthenappliedto the U edgefits sothatthenumberof U-Pd(1&)
pairs underneaththe main U-Cu(16) peakcan be properly ac-
countedfor. In eachcase,the Cu edgefits were usedas a cross
check.Thesedatawerecollectedasa functionof temperatureand
thesameanalysisasdescribedn Sec.3.2.wasapplied.Theresults
aresummarizedn Fig. 6.

Interestinglyalthoughsomeresidualstaticdisorderis measured
(especiallyfor x=1), themeasuredevel of disorderis lessthanthat
requiredfor this Kondo disordermodelfor all x. Furtherdetails
will begivenin afuturearticle (Baueret al., 2001).

4. Discussion and Conclusions

We have tried to demonstratéhe significanceof lattice disorderin
f-electronsystemsbothasa potentialsourceof “uncharacteristic”
behaior in thetemperaturelependencef materialghatotherwise

obey a singleimpurity model,andin systemsvherethe low tem-
peraturepropertiesare not well describedby ary model, namely
the non-Fermiliquids. The problemof identifying grossdisorder
andapplyingknowledgeof this disorderis relatively straightfor-

ward whenthe tight-binding approximationis employed, but it is

neverthelessimportantto recognizecertain distinctions. For in-

stance althougha small amountof lattice disordercan produce
a very wide distribution of Tk’s, sucha distribution canstill pro-
ducea magneticsusceptibilityconsistentwith no disorder How-

ever, if enoughdisorderexists suchthatweightatlow Tx’s devel-

ops, large effectsin the magneticsusceptibilitycan be expected,
possiblyevenNFL behaior.

Applying theseconceptgo the YbBCw serieswe find thatlat-
tice disorderis likely not the causeof deviationsfrom the SIAM.
We now believe that no other explanationexists for thesedevia-
tions otherthancollective effectsthatareonly possiblein alattice
of f-ions,thatis, someform of the PAM is necessaryo describe
thedeviationsfrom the SIAM. We notethatotherbehaior is con-
sistentwith a slower-than-epectedcrosseer from the low tem-
peratureFermiliquid stateto the high temperaturdocal moment
state(Lawrenceet al., 2001).This resultlikely correspondso the
“protractedscreening’recentlypredictedfor the Andersonlattice
(TahvildarZadehet al., 1997).

Our previous measurementsf UPdCu demonstratedhe im-
portanceof accountingor Pd/Cusiteinterchangén understanding
the magneticand electronicpropertiesHowever, a closerlook at
theU-Cu bond-lengthdisorderindicatesthattheredoesnotappear
to be enoughfor a simpleKondodisordermodelto apply opening
the door to othertheoriesthatinclude disorder suchasthe Grif-
fiths’ phase.
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performedat SSRL,whichis operatedy the DOE/OBES.
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